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The amendments and new claims are fully supported by 
the specification and do not introduce new matter. Specifically, 
the amendment to claims 16, 25, 27, 34 and 44 to recite that the 
level of BAG-1 protein is determined using a BAG-1 specific 
antibody is supported, for example, at page 12, lines 5-8 and by 
the claims as filed. New claim 49, which recites that the 
disease-free survival is distant metastasis-free survival, is 
supported, for example, at page 35, lines 5-7 and at page 7, 
lines 16-24. New claims 51-56, which recite that the BAG-1 
protein level is determined using immunohistochemistry, are 
supported, for example, at page 13, lines 21-23, and page 32, 
lines 11-14. The remaining amendments and new claims specify the 
invention with more particularity and are supported throughout 
the specification. A marked-up copy of the amended and newly 
added claims is provided in Appendix A attached hereto. 

Because the amendments and new claims are fully 
supported by the specification and do not introduce new matter, 
entry thereof is respectfully requested. 

Rejections under 35 U.S.C. § 112, first paragraph 

Claims 6-8, 11-14, 16, 18-27, 29-37 and 44 stand 
rejected under 35 U.S.C. § 112, first paragraph, as allegedly 
lacking adequate enablement. The Action acknowledges that the 
specification enables: 

...detecting increased BAG-1 expression in 
breast cancer tissue, detected using 
immunohistochemical staining, as an indicator 
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of increased overall survival or distant 
metastasis free survival in Stage I or Stage 
II breast cancer patients... 

However, the Action alleges that the specification is not 
enabling for other embodiments. This rejection is respectfully 
traversed for the reasons that follow. 

Method of determining BAG-1 protein expression 

The Action notes that the claims are directed to 
methods of "detecting BAG protein or mRNA expression" (emphasis 
added) . While Applicant maintains that the specification enables 
practice of the method by detecting either BAG protein or BAG 
mRNA expression, the claims as amended now specify methods of 
"determining, using a BAG-1 specific antibody, the level of BAG-1 
protein expression." 

The Action asserts that "all of the teachings in the 
instant specif ication ... are drawn to immunohistochemical 
detection of BAG-1..." (emphasis added). In contrast, the 
specification teaches several alternative methods of detecting 
BAG~1 protein expression using a BAG-1 specific antibody. For 
example, the specification teaches that BAG-1 protein levels can 
alternatively be determined using Western Blot analysis, 
immunoprecipitation, immunoassays such as ELISA and immuno-PCR, 
and the like (page 13, lines 21-29; page 14, lines 4-19) : 

As corroboration that methods other than . 
immunohistochemical detection can be used to determine the level 
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of BAG-1 expression, attached as Exhibit A is a publication by 
Shindoh et al.. Oral Oncology 36:444-449 (2000). Exhibit A 
describes a comparison of immunohistochemical staining for BAG-1 
and Western blot analysis of BAG-1 expression in oral squamous 
cell carcinoma biopsies. The results from immunohistochemical 
analysis are shown in Table 1, with the results from Western blot 
analysis for cases 8, 2, b, 6, 11, 17, 18, 19 and 9 (lanes 1-9, 
respectively) shown in Figure 2. In each of the nine biopsies 
examined by both methods, the level of BAG-1 expression 
determined by immunohistochemistry ("high" or "low") correlated 
with the relative steady state level of BAG-1 (above or below 
1.0, respectively) determined by Western blot analysis. The 
authors concluded (last sentence, page 446) that: 

Western blot analyses corroborated the BAG-1 
immunostaining results (Fig. 2). 

. Therefore, Exhibit A corroborates the teachings in the 
specification that the level of BAG-1 protein expression can be 
determined using various methods of detecting BAG-1 protein 
expression using a BAG-1 specific antibody. 

Detection of BAG-1 protein expression in body fluid 

The Action notes that BAG-1 is described as a 
cytosolic or nuclear protein, and states that: 

Detection of a cytosolic protein or a 
nuclear protein does not support the 
suggestion that the protein will also be 
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shed into body fluids, and in particular 
does not provide the suggestion that the 
protein will be shed into a body fluid in 
sufficient quantities to be diagnostic 
for breast cancer. 



However, the specification teaches that: 



...a body fluid sample, such as a lymph, 
blood or serum sample, or an exudate fluid 
sample such as the cancerous organ exudate 
(e.g., exudate from the breast) may be 
collected and used as the sample to be 
analyzed. . . While BAG levels will typically 
be measured within the cancerous cells of a 
patient, levels of BAG will also be 
measured in a body fluid sample (e.g., 
serum) as a result of BAG having been 
secreted or otherwise released from cells 
(e.g., by cell rupture), (page 8, 
lines 9-23) 



Accordingly, the specification teaches that the claimed methods 
can be practiced by determining the level of BAG-1 expression 
either in a tumor or in a body fluid, because BAG-1 can be 
released from cells into body fluid. 



As corroboration that BAG-1 protein can be released 



into body fluid, attached hereto as Exhibit B is a Rule 132 
Declaration by Dr. Lloyd Hutchinson. Exhibit B demonstrates 
that BAG-1 protein can be detected and quantitated in human 
urine by a competitive ELISA assay. 



Based on the teachings in the specification, the 



skilled person would expect that the level of BAG-1 protein 
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released into the urine, or into other body fluid, would be 
correlated with the level in the breast cancer tissue. 
Therefore, Exhibit B corroborates the teachings in the 
specification that the level of BAG-1 protein expression can be 
determined in either a tumor or a body fluid. 



Correlation of BAG-1 exyression with various parameters 



The Action acknowledges that the specification is 
enabling for methods of detecting increased BAG-1 expression in 
stage I or II breast cancer as an indicator of increased overall 
survival (OS) or distant metastasis-free survival (DMFS) . 
However, the Action alleges that the specification is not 
enabling for "detection of an increase or decrease in BAG-1 gene 
expression ... further as an indicator of prognosis, risk of 
recurrence, risk of metastasis or monitoring treatment 
effectiveness" (page 3, lines 1-3) . 



All pending claims refer to a positive correlation 
between BAG-1 protein levels and outcome in stage I and stage II 
breast cancer. All pending claims recite parameters that are 
well known to be directly correlated with OS and DMFS, namely 
disease-free survival, (lack of) tumor recurrence or spread, and 
(lack of) tumor metastasis. Specifically, claim 16 and its 
dependents recite methods of prognosis of disease-free or 
overall survival ; claim 25 and its dependents recite methods for 
predicting tumor recurrence or spread ; claim 27 and its 
dependents recite methods of screening to determine the risk of 
tumor metastasis or chance of survival ; claim 34 and its 
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dependents recite methods of determining the proper course of 
treatment by identifying patients having higher or lower chance 
of survival or being more or less likely to suffer tumor 
recurrence or spread ; and claim 4 4 and its dependents are 
directed to methods of determining risk of tumor recurrence or 
spread . As taught in the specification, "tumor recurrence" 
refers to further growth of neoplastic or cancer cells after 
diagnosis; "tumor spread" occurs when tumor cells disseminate 
locally or into distant tissues and organs, and encompasses 
metastasis; and "disease-free survival" refers to the lack of 
tumor recurrence and/or spread (page 7, lines 11-24). 
Accordingly, it follows that if the specification enables the 
claimed methods with respect to a prediction of likelihood of OS 
or DMFS, it also enables the claimed methods with respect to the 
prediction of the interrelated parameters, namely disease-free 
survival, likelihood of tumor recurrence or spread or 
metastasis . 

The Action (page 4, lines 3-4) makes the observation 
that the "art teaches that increased levels of BAG expression do 
not indicate decreased risk of metastasis or recurrence for 
cancer." The Action cites several references in support of this 
assertion. Two references examined the effect of transfecting 
BAG-1 into non-breast cancer cell lines, namely murine melanoma 
cell lines (Takaoka et al.) and murine gastric cancer cell lines 
(Yawata et al.). However, as noted in Exhibit A, 



...apoptosis is regulated by the 
balance of anti-apoptotic molecules 
and pro-apoptotic molecules [25-27], 
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and the biological activity of these 
molecules may vary in a cell-type 
specific manner , (page 447, column 1, 
first paragraph of Discussions- 
emphasis added) 

Because the function of BAG-1, an apoptotic regulatory molecule, 
can vary in a cell-type specific manner, it is improper to draw 
any conclusions relating the effect of increased levels of BAG-1 
expression in irrelevant cell types to its prognostic 
significance in stage I and II breast cancer . 

With regard to Zapata et al., the Action states that 
this reference "teaches that BAG-1 levels are higher in invasive 
breast cancers." The passage summarized in the Action actually 
states that "the intensity of BAG-1 immunostaining was often 
higher in invasive cancers compared to normal epithelium " 
(page 138, column 1, paragraph 3, emphasis added) . Zapata et 
al. examined the percentage of BAG-1 positive cells and the 
intensity of BAG-1 staining in three types of cells, namely 
normal cells, carcinoma in situ and invasive carcinoma cells, 
present in each of 20 unstaged breast cancer biopsy samples 
(page 131, columns 1 and 2). BAG-1 expression was shown to be 
generally higher in cancerous cells compared with normal cells 
(statistically significant for in situ carcinoma cells vs. 
normal cells and a trend for invasive cancer cells vs. normal 
cells; see Table 3; see also Table 2 and Figure 2) . However, no 
significant difference was observed between BAG-1 intensity in 
invasive cancer cells and in in situ carcinoma cells within the 
same sample (see Table 3; .note that actually more in situ than 
invasive cells exhibited intensity level 3). From Zapata et al. 
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no conclusion can be drawn relating relative "invasiveness'' of a 
cancer cell to level of BAG-1 expression, and certainly no 
conclusion can be drawn that casts doubt on the enablement of 
the claimed invention. 

Finally, Tang et al. is described in the Action as 
teaching that "increased BAG-1 expression was significantly 
associated with shorter disease free and overall survival in all 
stages of breast cancer," and Table IV is specifically 
referenced. However, this statement cannot be attributed to the 
data shown in Table IV, which is the only data presented in 
which the four tumor stages were examined individually. Tang et 
al. actually states that the data shown in Table IV, with p 
values for stage I and II breast cancer and survival of between 
0.162 and 0.402, was not statistically significant (page 1713, 
column 2, paragraph 2) . It should be noted that significant 
association of two variables is generally considered to be 
reflected by p < 0.05 (see, for example, the specification at 
page 35, lines 7-9) . Data that is not statistically 
significant, and is further characterized by the authors as only 
"preliminary" (see abstract) cannot cast doubt on the teachings 
in the specification. 

Furthermore, even if some conclusion were to be drawn 
from Tang et al. about BAG-1 levels and survival , the Action has 
already acknowledged that the specification enables methods of 
detecting increased BAG-1 expression in stage I or II breast 
cancer as an indicator of increased overall survival (OS) or 
distant metastasis-free survival (DMFS) . Tang et al. does not 
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address the parameters that are in question in the Action, 
namely the correlation between BAG-1 expression and risk of 
tumor recurrence or spread or metastasis in stage I or stage II 
breast cancer. Thus, Tang et al. should not be used in support 
of an assertion of lack of enablement of claims that recite 
these parameters. 

In view of the above remarks and amendments, it is 
respectfully submitted that the specification adequately enables 
the claims, and removal of the rejection under 35 U.S.C. § 112, 
first paragraph, is respectfully requested. 

CONCLUSION 

In light of the Amendments and Remarks herein. 
Applicant submits that the claims are now in condition for 
allowance and respectfully requests a notice to this effect. 
Should the Examiner have any questions, she is invited to call 
Cathryn Campbell or the undersigned agent. 

Respectfully submitted, 

Melanie K. Webster 
Registration No. 45,201 
Telephone No. (858) 535-9001 
Facsimile No. (858) 535-8949 



October 1. 2002 
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APPENDIX A 



[6. (Canceled) The method of claim 16, wherein said 
level of BAG-1 expression is determined by measuring the amount 
of the BAG-1 mRNA transcript or BAG-1 protein.] 

[7. (Canceled) The method of claim 6, wherein said 
measuring the amount of BAG-1 protein is with an agent that 
binds BAG-1 protein.] 

[8. (Canceled) The method of claim 1, wherein said 
agent is an antibody specific for the BAG-1 protein.] 

11. (Amended) The method of claim 16 [6], wherein 
said level of BAG-1 expression is determined by measuring the 
amount of BAG-1 protein product using an immunoassay. 

16. (Amended) A method for prognosis of disease-free 
or overall survival of an individual having a breast cancer 
tumor, comprising determining , using a BAG-1 specific antibody, 
the level of BAG-1 protein expression in a sample of said tumor 
or a body fluid during stage I or stage II of said cancer, 
wherein a high level of BAG-1 expression correlates positively 
with disease-free or overall survival wherein said cancer is 
breast cancer] . 
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[18. (Canceled) The method of claim 16, wherein said 
level of BA6-1 expression is determined by measuring the level 
of mRNA encoding BAG-1.] 

[19. (Canceled) The method of claim 16, wherein said 
level of BAG-1 expression is determined by measuring BAG-1 
protein levels . ] 



tumor recurrence or spread in an individual having a breast 
cancer tumor, comprising determining , using a BAG-1 specific 
antibody, the level of BAG-1 protein expression [whether BAG-1 
protein is produced] in a sample of said tumor or body fluid 
from said individual during stage I or stage II of said cancer, 
wherein a high level of BAG-1 expression correlates [such a 
production correlating] negatively with [a likelihood of] tumor 
recurrence or spread [, wherein said cancer is stage I or stage 
II breast cancer] . 



25. 



(Amended) A method for predicting the risk of 



2 



Inventor : 
Serial No . : 
Filed: 



John C. Reed 
09/350, 518 
July 9, 1999 



27. (Amended) A method for screening a breast cancer 
patient to determine the risk of tumor metastasis or chance of 
survival , said method comprising: 

(a) determining , using a BAG-1 specific antibody, the 
level of [amplification or] expression of BAG-1 protein in a 
cancerous tissue sample or a body fluid sample from said patient 
during stage I or stage II of said cancer; and 

(b) classifying a patient having high levels of 
[amplification or] expression of BAG-1 protein , relative to a 
reference level, as being less likely to suffer tumor metastasis 
or having [a] an increased chance of survival [ , 

wherein said cancer is breast cancer] . 

[29. (Canceled) The method of claim 27, wherein BAG-1 
amplification is measured with a probe specific for BAG-1.] 

[30. (Canceled) The method of claim 27, wherein gene 
expression is determined by measuring the amount of BAG-1 mRNA 
transcription . ] 

[31. (Canceled) The method of claim 27, wherein gene 
expression is determined by measuring the amount of BAG-1 
protein . ] 

32- (Amended) The method of claim 27 [31], wherein 
the amount of BAG-1 protein is measured using an immunoassay. 
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34. (Amended) A method for determining the proper 
course of treatment for a patient suffering from breast cancer, 
said method comprising: 

(a) determining , using a BAG-1 specific antibody, the 
level of BAG-1 protein expression in a cancerous tissue sample 
or body fluid from said patient during stage I or stage II of 
said cancer; 

(b) identifying a first group of patients having low 
levels of BAG-1 expression, which first group of patients may 
require treatment proper for patients having a lesser chance of 
survival or being more likely to suffer [decreased time to] 

tumor recurrence or spread; and 

(c) identifying a second group of patients having high 
levels of BAG-1 expression, which second group of patients may 
require treatment proper for patients having a greater chance of 
survival and being less likely to suffer tumor recurrence or 
spread [ , 

wherein said cancer is breast cancer] . 

[35. (Canceled) The method of claim 34, wherein said 
level of BAG-1 expression is determined by measuring the amount 
of BAG-1 mRNA transcript or BAG protein.] 

44. A method for determining risk of tumor recurrence 
or spread [a prognosis] in a patient suffering from breast 
cancer, said method comprising: 

(a) determining , using a BAG-1 specific antibody, the 
level of expression of BAG-1 protein in a cancerous tissue 
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[tissues] of a patient during stage I or stage II of said 
cancer; and 



to a first group of patients having high levels of expression of 
BAG-1, or a second group of patients having low levels of 
expression of BAG-1, 



tumor recurrence or spread than said second group [, and wherein 
said cancer is breast cancer] . 

45 . (New) The method of claim 16, wherein said level 
of BAG-1 expression is determined by measuring the level of 
BAG-1 protein in a sample of breast tumor tissue. 

46 . (New) The method of claim 25, wherein said level 
of BAG-1 expression is determined by measuring the level of 
BAG-1 protein in a sample of breast tumor tissue. 

47 . (New) The method of claim 27, wherein said level 
of BAG-1 expression is determined by measuring the level of 
BAG-1 protein in a sample of breast tumor tissue. 

48 . (New) The method of claim 34 , wherein said level 
of BAG-1 expression is determined by measuring the level of 
BAG-1 protein in a sample of breast tumor tissue. 

49 . (New) The method of claim 16, wherein said 
disease-free survival is distant metastasis-free survival. 
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(b) classifying said patient as belonging either 



wherein said first group has a lower likelihood of 
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50 . (New) The method of claim 49. wherein said level 
of BAG-1 expression is determined by measuring the level of 
BAG-1 protein in a sample of breast tumor tissue. 









51. (New) 


The method of claim 16, wherein said 


level 


of 


BAG- 


•1 


expression 


is determined bv immunohistochemistry. 










52 . (New) 


The method of claim 50, wherein said 


level 


of 


BAG- 


•1 


expression 


is determined bv immunohistochemistry. 










53 . (New) 


The method of claim 25, wherein said 


level 


of 


BAG- 


1 


expression 


is determined by immunohistochemistrv . 










54 . (New) 


The method of claim 27, wherein said 


level 


of 


BAG- 


1 


expression 


is determined by immunohistochemistry. 










55. (New) 


The method of claim 34 , wherein said 


level 


of 


BAG- 


1 


expression 


is determined by immunohistochemistiry . 










56. (New) 


The method of claim 44 , wherein said 


level 



of BAG-1 expression is determined by immunohistochemistrY. 
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Abstract 

BAG-1 is a BcI-2-binding protein that functions as an anti-apoptotic molecule. In this report we show a passible correlation 
between BAG- 1 expression levels and the probability of oral squamous cell carcinoma (SCC) progression. We investigated BAG-1 
expression levels in 22 patients diagnosed with early lesions (Tl and T2) of ora! SCCs using immunohistochemistry and western 
blotting. High steady-state levels of BAG-1 were detected in 13 out of 22 cases (59%). High BAG-1 expression was observed more 
frequently in cases with nodal metastasis (89%) than in those without nodal metastasis (38%) (P<0,03), suggesting that BAG-1 
expression levels may correlate with the pathological stage of oral SCCs. Furthermore, BAG-1 expression levels correlated with the 
WHO grade, i.e. 45% in grade-I cases as opposed to 72% in grade-II cases {P < 0.02). These data suggest that an analysis of BAG-1 
expression may be useful in establishing a prognosis for patients with oral SCCs, and especially in predicting the metastatic 
potential of SSCs. © 2000 Elsevier Science Ltd. All rights reserved. 

Keywords: BAG-1; Oral squamous cell carcinoma; Tl and T2 



1. Introduction 

Invasive and metastatic potential of cancer cells is 
likely to affect prognosis in cancer patients. To improve 
the prognoses, it is crucial to predict this potential prior 
to the beginning of cancer therapies. To date, various 
factors have been found to be involved in regulating the 
metastatic potential of cancer cells. It has been shown, 
for example, that steady-state levels of proteinases such 
as matrix metalloproteinases are elevated in invasive 
human squamous cell carcinomas (SCCs) and correlate 
strongly with cancer metastasis [1-4]. 

Steady-state levels of urokinase-type plasminogen 
activator, responsible for degradation of extracellular 
matrices, are elevated in a variety of invasive carcino- 
mas [5-7]. In addition, cell adhesion molecules are 
thought to be involved in metastasis. Disappearance of 
the cell adhesion molecule E-cadherin causes disruption 
of cell-cell contacts that induce tumor cell invasion and 
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metastasis [6,8,9]. Motility was also shown to be asso- 
ciated with metastasis [10-12]. Hepatocyte growth fac- 
tor (HGF)/scatter factor was initially identified as a 
motility-stimulating factor in human MRC5 fibroblasts 
[13], and shown to promote migration and invasion of 
mahgnant epithehai cells that resulted in metastatic 
phenotype of various cancer cells in tissue culture [14- 
16]. However, the mechanism of metastasis is very 
complicated [17,18] and there may be other factors 
involved in cancer cell metastasis in oral SCCs in addi- 
tion to the adhesion molecules, extracellular matrix- 
degrading enzymes and motility-stimulating factors. 

BAG-1 is a novel Bcl-2-binding protein that can pro- 
long cell survival in cooperation with Bcl-2 [19]. Recently, 
we have shown that overexpression of BAG-1 leads to 
prolonged cell survival of malignant melanomas and pro- 
motes their metastasis to lung [20]. BAG-1 is expressed 
ubiquitously [19] and seems to protect a wide variety of 
cancer cell types from apoptosis and promote their meta- 
static potential. This observation has prompted us to 
investigate whether BAG-1 expression correlates with 
the metastatic potential of other cancer cells. In the 
present study we have focused on the correlation 
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between BAG-1 expression and the clinico-pathological 
malignancies of oral SCCs. 

2. Materials and methods 

2.1, Materials and clinical investigation 

Twenty-two patients diagnosed with oral SCC were 
investigated. Fresh biopsy specimens from oral SCCs 
were collected at the Department of Oral Surgery, Hok- 
kaido University Dental Hospital, between January 1996 
and June 1997. Clinical features of the samples are shown 
in Table 1 . Clinical staging of the disease was determined 
according to the International Union Against Cancer 
Categories (UICC) criteria (1987) [21]. 

2.2, Histopathological examination 

Specimens were fixed in 10% neutral-buffered formalin, 
embedded in paraffin and examined histopathologically. 
Histopathological estimation of cancer malignancies was 
undertaken using the World Health Organization (WHO) 
classification (Table 1) [22]. 

2.3, Immunohistochemical studies 

Snap-frozen specimens were sectioned at 5-|im with a 
Cryostat (Leizz, Germany) and fixed in cold acetone for 1 0 
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min. They were pre-incubated for 30 min with phosphate 
buffered saline (PBS) containing 1 % bovine serum albu- 
min (BSA), and then incubated for an additional hour with 
a primary monoclonal antibody against human BAG-1 
[19]. Bag-1 negative and positive cell lines, were used as 
controls. MKN-74, a gastric carcinoma cell line, was 
used as the negative control and MKN-74 transfected 
with bag'l expression vector was used as the positive 
control. A biotin-conjugated anti-mouse secondary 
antibody was then applied, then the avidin-biotin-per- 
oxidase reaction followed by Liquid diaminobenzidine 
(DAB) substrate chromogen system (DAKO, Carpin- 
teria, CA, USA) to visualize the reaction products was 
carried out. Cases which showed stronger signals for 
BAG-1 than the adjacent intact normal epithelium were 
diagnosed as high BAG-1 expression tumors. On the 
other hand, low BAG-1 expression tumors were cases 
which showed little signal for BAG-1 and no remarkable 
difference between tumor cells and adjacent intact epi- 
thelium. The immunohistochemical intensity of exam- 
ined cases was assessed by two different pathologists. 

2.4. Western blot analysis 

Tumor tissues were snap-frozen in liquid nitrogen and 
stored at — 80°C until needed. Approximately 50 mg of 
each tissue sample was lysed in 100 ml of the radio- 
immuno-protein-assay (RIP A) buffer containing 100 
mM NaCl, 2 mM EDTA, 10 mM sodium orthovana- 
date, 1 mM phenylmethane sulfonyl fluoride (PMSF), 
1% NP-40 and 50 mM Tris (pH 7.2). Protein con- 
centrations of the lysates were determined with a Brad- 
ford-based protein assay kit (BioRad, Richmond, CA, 
USA) and each lysate (80 jig/lane) was subjected to 
sodium dodecyl sulfate-polyacrylamide gel electrophor- 
esis (SDS-PAGE), followed by an electrophoretic 
transfer onto Immobilon membranes (Millipore, Bed- 
ford, MA, USA). Blots were incubated with a blocking 
buffer containing 3% BSA, 10 mM Tris (pH 8.2), 140 
mM NaCl, and 0.01% NaN3. They were then incubated 
for 2 h with an anti-human BAG-1 monoclonal anti- 
body [19] diluted in a washing buffer containing 150 
mM NaCl, 10 mM Tris (pH 7.5) and 0.01% Tween 20, 
and supplemented with 3% fetal bovine serum. The 
blots were developed by a standard enhanced chemilu- 
minescence method (Amersham, Buckinghamshire, 
UK). The same blots were subsequently incubated with 
0.5 mg/ml of an anti-actin monoclonal antibody (Sigma, 
Osaka, Japan) to verify the amount of loading protein 
in each lane. 

2.5. Estimation of BAG-1 expression level 

The density of each sample was measured by the 
densitometer (IBAS, Leizz, Germany). The relative 
expression levels were calculated as BAG-l/actin ratio. 
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2.6. Statistical analysis 

Independence of clinical parameters and histological 
features of BAG-1 expression was examined with the 
Fisher test. 



3. Results 

Table 1 shows the clinico-pathological findings in 22 
oral sec patients who were 28-85 years old. Primary 
regions included the tongue (11 cases), cheek (two 
cases), floor of the mouth (one case), gingiva (six cases) 
and maxilla (two cases). Qinical staging of patients was 
undertaken utilizing the UICC criteria (1987). Among 
22 patients, five were classified as Tl, and 17 as T2. 
Sixteen cases were classified as NO, two as Nl and four 
as N2 in primary clinical examinations. Subsequent 
metastasis was found in three of the 16 NO cases in the 
follow-up period that lasted between six and 24 months 



(Table 1). The WHO classification was applied to assess 
histological malignancy. There were 11 grade-I cases 
and 11 grade-II cases. BAG-1 protein expression was 
investigated in all specimens. A strong BAG-1 reaction 
product was detected in 13 of the 22 oral SCCs (59%) 
by immunohistochemistry (Fig. 1). The normal epi- 
thelium showed no obvious reaction products for 
BAG-1 antibody (Fig. lA). We defined "high" BAG-1 
expression as tumor cells immunostaining which 
showed stronger signals than the adjacent intact normal 
epithelium (Fig. IB). BAG-1 protein was seen in the 
cytoplasm of cancer cells invading into the connective 
tissues (Fig. IC). Among the cases with "low" BAG-1 
immunostaining the levels of BAG-1 in cancer cells were 
similar to those observed in normal epithelial cells (Fig. 
ID). MKN-74 cells showed no obvious signal for BAG- 
1, while bag-} transfected MKN-74 cells were positive 
for BAG-1 antibody (data not shown). Western blot 
analyses corraborated the BAG-1 immunostaining 
results (Fig. 2). 





Fig. 1. Immunohistochemical analysis of BAG-I expression in cells. (A) BAG-1 expression in normal epithelium. No remarkable reaction products 
were seen in the epithelial layer (x50). (B) High steady-state levels of BAG-1 were found in case 6. An intense signal for BAG-1 was observed in 
invading tumor cells (T), whereas little signal was seen in the adjacent intact epithelium (E) (x50). (C) Same cells as in (D) at a higher magnification. 
BAG-1 was detected in the cytoplasm of cancer cells invading into the connective tissue (x 100), (D) Low BAG-1 expression in case 18, Little BAG-1 
signal was observed in cancer cells (x 100). 
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Fig. 2. Western blotting detection of BAG-1. (a) Total cell lysates 
from tissue samples were subjected to sodium dodecyl sulfate-poly- 
acrylamide gel electrophoresis (SDS-PAGE)/immunoblotting with an 
anti-BAG-1 monoclonal antibody. The membrane was reprobed with 
an anti-actin antibody to verify equal loading of protein. Western blot 
analysis was performed by a standard enhanced chemiluminescence 
(ECL) method (Amersham). (b) Relative steady-state levels of BAG-1 
and actin were measured with a densitometer. Lane 1, case 8; Lane 2, 
case 2; Lane 3, case 5; Lane 4, case 6; Lane 5, case II; Lane 6, case 17; 
Lane 7, case 18; Lane 8, case 19; Lane 9, case 9, 

High steady-state levels of BAG-1 were found in two 
of five Tl and 11 of 17 T2 samples (Table 1). High 
BAG-1 expression was found more frequently in the 
N1/N2 stage cases and in cases characterized by sub- 
sequent metastases (89%) than in the NO cases (38%) 
(P<0.03). When tumors were classified according to 
histological grade, high BAG-1 expression was seen in 
five of 11 (45%) grade-I cases and in eight of 11 (73%) 
grade-II cases (Table 1) (/'<0.02). 



4. Discussion 

There is ample evidence showing a correlation between 
the expression levels of anti-apoptotic molecules and 
prognosis in cancer patients or the clinical aggressiveness 
of malignant cells [23,24]. However, since apoptosis is 
regulated by the balance of anti-apoptotic molecules and 
pro-apoptotic molecules [25-27], and the biological 
activity of these molecules may vary in a cell type-specific 
manner. Thus, detection of a single apoptosis-related 
molecule may, in general, not be sufficient to evaluate the 
relative apoptotic resistance of cancer cells. 

BAG-1 is a novel multifunctional protein [19] with 
anti-apoptotic potential. BAG-1 has been shown to 
bind to Hsc70 and probably helps to target this mole- 
cular chaperone to several proteins involved in cell 



growth regulation. Among the proteins whose functions 
are enhanced by BAG-1 are the anti-apoptotic protein 
Bcl-2 [19,28], the protein kinase Raf-1 [28,29], and the 
growth factor receptors PDGF-R (platelet derived 
growth factor receptor) and HGFR (hepatocyte growth 
factor receptor) [30]. 

Recently, we have shown that pulmonary metastasis of 
malignant melanoma cells in animal models is promoted 
by overexpression of BAG-1 [20], This implies that BAG- 
1 expression may contribute to the metastatic potential of 
cancer cells, and thus that the BAG-1 molecule may be a 
useful marker for predicting the micrometastatic disease 
in patients with some types of solid tumors. 

In the present study we analyzed BAG-1 expression in 
cases with early lesions of oral SCCs (Tl and T2), and 
determined whether the expression level may be a factor 
useful in predicting their metastatic potential. We 
eliminated the T3/T4 cases from a subsequent analysis 
because we observed that they tend to metastasize whe- 
ther they express metastasis-related gene products or 
not [31]. Qur.data.sho.\ v that BAG-1 was hi ghly expresr 
,&ed_in-.13-(59J^)jDf_22-SCC-cases,_There,were_no sig^ 
nificant differences in the steady-state levels of BAG-1 
d ue to gender o"r~the"age"of:the.!patients, or__to .prim ary ^ 
tumor sites-(TabIe 1). Neither was th ere a correlation 
betwe en tum or sizes and BAC5J„expression level" 
.(Xable„l). JHpweyef, high^ steady-state -levels of ^A'G ^'l^ 
AvereJound_more frequently, in cases of priniary^metasp 
^sis or sub sequent metastasis (eight^fjiin^ cases) than ' 
^in^ ases withou fmetastasisj five of 13 cases ) {P < 0T03)~ 
According to a Histological classification, high BAG-1 
expression was found in five of 1 1 (45%) grade-I cases 
and eight of 11 (73%) grade-II cases (Table l),^ggest— 
ing thatJ n,histolQgicall.y-^mQre-aggressive^nc gr cells, 
the steady-state level s of BAG-1 ma y be higher than in 
jess" aggrelsivFm'alignant^cance^^ results are 

consistenT'with animal data that overexpression of 
BAG-1 promotes pulmonary metastasis of malignant 
melanoma cells [20], and suggest that BAG-1 protein 
levels are a crucial factor associated with the metastatic 
potential of oral SCCs. 

The correlation between the high steady-state levels of 
BAG-1 and the metastatic potential of oral SCCs may 
have many explanations. For example, the anti-apopto- 
tic function of the protein could contribute to metastasis 
by allowing epithelial cells to survive in a detached state, 
after losing its interaction with the extracellular matrix 
[32,33]. However, as mentioned above, BAG-1 has 
divergent functions other than its anti-apoptotic. 
Recently, BAG-1 has been shown to interact with the 
hepatocyte growth factor (HGF)/scatter factor receptor 
(HGFR) and enhancing some signals transduced 
through HGFR [30] Since HGF was initially identified 
as a motility-stimulating factor in human MRC5 fibro- 
blasts [13], high steady-state levels of BAG-1 could be 
associated with an enhancement of the migration ability 
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of cancer cells, resulting in an increase in their meta- 
static potential. In addition, BAG-1 has been shown to 
stimulate the recycling of Hsc70 by accelerating ADP 
release and thus increasing the chaperone activity of 
Hsc70 [29,34]. Although the biological significance of 
this action remains to be clarified, BAG-1 may play a 
key role in the folding, translocation and degradation of 
proteins, and this activity may be associated with an 
attachment or detachment of cancer cells as well as its 
ability to survive in a foreign environment. Thus, a 
variety of activities of BAG-1 may be involved in the 
enhancement of the metastatic potential of SCC cells. 
Although the precise function of BAG-1 in association 
with the metastatic potential of cancer cells remains 
unknown, our data lease the possibility that BAG-1 
may be a predictor of the metastatic potential of oral 
SCCs, a hypotheses which deserves testing in future 
studies involving larger groups of patients. 
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kidney stones, prostate cancer prior to treatment and prostate 
cancer post- treatment . 

S) The experiment was performed as follows. A constant 
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and 6 of Exh,.bit 1. The calculated concentration of BAG-1 in 
urine from t]ie 12 patients is shown graphically on' page 6 of 
Exhibit 1. l.B shown on pages 5 and 6 of Exhibit 1, the BAG-1 
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